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Introduction
There are a number of types of non-covalent interactions that can be exploited to design supramolecular structures 1,2 and catalysts. 3, 4 Whilst hydrogen bonding continues to be a mainstay of such interactions, there is a growing realization that halogen interactions can also be utilized.
This field has been the subject of a number of recent reviews, 5, 6, 7, 8 but what comes from experimental and theoretical studies has been the importance of the -hole concept. 9, 10, 11, 12, 13, 14 Over the past few years other non-conventional noncovalent interactions have gained attention, such as tetrel bonding, 15, 16, 17, 18, 19 pnictogen bonding, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 chalcogenide bonding, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 and even aerogen bonding. 45 All follow the same bonding scheme, namely a -hole, 46 which can be viewed comparably to hydrogen bonding: X-D … A, where X is any atom, D is the donor atom and A is the acceptor atom. The -hole is visualized as a region of positive electrostatic potential found on an empty * orbital and is dependent upon two parameters: (1) the -hole becomes more positive (and hence forms stronger interactions) when D is more polarizable and when the X atom is more electron withdrawing. The atomic polarizability increases down the group so that for group 14: C = 11.5 au, Si = 38.1 au, Ge = 40.3 au and Sn = 55.6 au (au = atomic units); 47 thus a stronger interaction should occur when descending the group, 3 and there is emerging evidence that lead also participates in these interactions. 48, 49, 50 There are examples in the literature of experimental 51 and theoretical 52 tetrel bonding, which was only been named as such in 2013-2014. Others have described this interaction as the group 14 atom acting as a Lewis acid and the other partner in the interaction modelling an SN 2 nucleophilic attack . 53, 54, 55, 56 Notwithstanding this, tetrel bonding is unique in that the -hole is located in the middle of three sp 3 -hybridised bonds which means accessibility is rather low. The heavier members of this group readily participate in hyper-valency and this may lead to a strategy to ameliorate the accessibility problem.
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In this work we have prepared a series of Sn(IV) complexes of a Schiff's base ligand based on the salicylaldehyde acyldihydrazone core and variable length of the methylene spacer to explore the steric influences on intermolecular tetrel bonding between tin and oxygen. The structural studies have been augmented by computational methods which show that the Sn 
Results and Discussion
Synthesis and spectroscopic characterization of 1 -5. Sn NMR spectra shows one significantly shifted peak compared to the starting materials (1-3: 119Sn = -153 ppm, Me2SnCl2 119Sn = +31 ppm; 4-5: 119Sn = -331 ppm, Ph2SnCl2 119Sn = -27 ppm), which is indicative of an increase in coordination number.
Chart 1. Structures of complexes described in this work.
Structural studies of 1-5.
Compounds 1-5 were additionally characterized by single crystal X-ray diffraction. The molecular structures are shown in Figures 1 and 2 and selected bond lengths for 1 are given in Table 1 . The metric parameters for 2-5 are essentially the same and collated in Table S1 . Hydrogen atoms omitted for clarity. Computational studies on 1.
In order to further characterize the Sn … O interactions we examined them via computational methods on a model system, denoted 1', that retains just one Sn center obtained from the crystal structure of 1 truncated at the central C-C bond. As shown in Table 1 Table 2 that are similar to those reported in the literature for tetrel bonding. 46, 63, 64 These show that the Sn … O contact is comparable with C-H C resonances of the solvent used and external SnMe4. Numbering of the spectra is shown in Figure 7 and assignments were verified using 2D experiments. IR spectra were recorded on a Bruker Tensor II spectrometer with attenuated total reflectance (ATR) accessory. Mass spectra were measured on a MALDI QTOF Premier MS system. X-ray crystallography data were measured on a Bruker D8 Quest Eco with an Oxford Cryostream at 100 K. Using Olex2, the structures were solved with the XT structure solution program using Intrinsic Phasing and refined
with the XL refinement package using Least Squares minimization. 65, 66, 67 Crystal data, details of data collections and refinement are given in Table 3 . The ligands were made via literature procedures. 58 All chemicals and solvents were obtained from commercial sources and used as received.
14 DFT calculations were carried out in Gaussian09 68 with the meta-hybrid M06-2X and dispersion corrected B97D functionals 69, 70 and def2-TZVP basis set 71 used in previous work, and taking advantage of density fitting to make larger calculations viable where possible. All calculations of interaction energy used the counterpoise method to account for basis set superposition energy. 72 Converged molecular orbitals were obtained from these calculations and used for topological analysis of the resulting electron density using the AIMAll package.
73
Figure 7. Numbering scheme for NMR assignments.
Synthesis of complexes 1-5
The compounds 1-5 were synthesized via the same general procedure. The ligand (0.30 g) was reacted with 4 equivalents of Et3N in dry toluene and stirred for 30 minutes at room temperature. 
